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Abstract. - The decline of meso-predators such as reef sharks is a concern as such species can have important 
ecological roles in maintaining reef ecosystem resilience. Two field trips conducted in August 2010 and Novem¬ 
ber 2011 to the Chesterfield archipelago (Coral Sea) allowed us to assess the abundances and average sizes of 
medium-bodied Carcharhinidae with a specific focus on grey reef shark {Carcharhinus amblyrhynchos) ,ihvo\x^ 
fishing (46 hours of accumulated effort) and underwater visual censuses (25 hours of accumulated effort). We 
found low abundance and small average total length (TL) for all reef shark species, and in the case of the grey 
reef shark, an average abundance of 2.1 individuals/dive with the majority of animals less than 110 cm TL. We 
compared our findings with historical data and, given our low sampling effort, we so far hypothesise that a gen¬ 
eral strong decline in the reef shark populations may have occurred in this area, probably due to recent overfish¬ 
ing. The enforcement of conservation measures is strongly recommended among these remote reefs as well as 
complementary studies for confirming this hypothesis. 


Resume. - Effondrement potentiel des populations de requins de recif au sein d’ecosystemes recifo-coralliens 
isoles de la mer de Corail (Pacifique Quest). 
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Le declin de meso-predateurs tels que les requins de recif pose probleme dans la mesure ou ces especes peu- 
vent avoir un role important dans le maintien de la resilience des ecosystemes coralliens. Deux missions condui- 
tes en aout 2010 et novembre 2011 dans Tarchipel des Chesterfield (mer de Corail) nous ont permis d’evaluer les 
abondances et longueurs totales (LT) moyennes de Carcharhinidae cotiers, en particulier du requin gris {Carcha¬ 
rhinus amblyrhynchos), a partir de sessions de peche (46 heures au total) et de comptages sous-marins (25 heures 
au total). Nous avons globalement trouve de tres faibles abondances et tallies moyennes avec, specifiquement 
pour le requin gris, une abondance moyenne de 2,1 individus/plongee et une majorite d’animaux avec des LT 
inferieures a 110 cm. Nous avons compare ces resultats a des donnees historiques et, etant donne certaines limi- 
tes de notre echantillonnage, nous nous cantonnons a poser Thypothese d’un declin generalise des populations 
de requins de recifs dans cette zone, probablement du a la surpeche. La mise en oeuvre effective de mesures de 
conservation est fortement recommandee au sein de ces recifs eloignes, de meme que des etudes complementai- 
res pour confirmer cette hypothese. 


The Coral Sea (Central Western Pacific), historically 
named for the vast amount of coral structures located within 
it (Room, 1997), is surrounded on its Eastern and Western 
side by the largest coral reef formations, the Australian Great 
Barrier Reef (GBR), and the world’s largest coral lagoon 
of New Caledonia. The GBR was listed by UNESCO as a 
World Heritage site in 1981, while such classification was 
afforded to the New Caledonian lagoons in 2008, as a rec¬ 
ognition of the exceptional and unique natural assets they 
contain. A large number of other coral structures exist in the 
Coral Sea, especially on the Australian side, such as Lihou 
Reefs, Marion Reefs or Erederick Reefs. Within the New 
Caledonian Exclusive Economic Zone (EEZ), major coral 
reefs of the main island and its lagoon are Entrecasteaux 
archipelago off the northern coast of Grande Terre, and the 
Chesterfield-Bellona plateaux off the northwestern coast of 
Grande Terre, about half way between New Caledonia and 
the Australian coastline (Eig. lA). 


Meso-predators such as coastal reef sharks (Hussey et al., 
2014) are important for maintaining the stability and func¬ 
tional equilibrium among reef ecosystems (Heithaus et al., 
2008; Baum and Worm, 2009; Ritchie and Johnson, 2009). 
Shark resilience among reef ecosystems is however limited 
by their very low fecundity and is also strongly linked to 
the genetic diversity among the connected diverse popula¬ 
tions of conspecifics (Vignaud et al., 2014). Given their cen¬ 
tral position in the Coral Sea, the Chesterfield-Bellona reefs 
complex is a remote and isolated place, where reef sharks 
could be vulnerable to overfishing with consequent loss of 
genetic variability. Nevertheless, some species of reef sharks 
can migrate several hundred kilometres, suggesting that 
these reefs may act as a stepping stones between large popu¬ 
lations of reef sharks present in Australia and New Caledo¬ 
nia. Reef shark populations of the GBR and the Australian 
side of the Coral Sea are quite well documented (Robbins et 
al., 2006; Heupel et al., 2010; Barnett et al., 2012; Espinoza 
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Figure 1. - A: Location of the Ches¬ 
terfield and Bampton reefs in a central 
position among the Coral Sea, between 
the Australian Eastern coast and New 
Caledonia. B: Close up of the reefs 
where the 2010 and 2011 field trips 
were conducted; specific spots for shark 
surveys are shown with circles around 
the Bampton Reefs. C: Close up on the 
Chesterfield reefs with circles showing 
the locations for fishing and underwater 
visual surveys. 

et al., 2015), but there has not been, so far, a single study 
focused on the reef shark populations of the Chesterfield- 
Bellona area. 

In this study, we report on two field missions that focused 
on assessing the status of coastal reef shark populations 
in the Chesterfield archipelago (northern-west part of the 
Chesterfield-Bellona complex) in order to compare it with 
historical data. In spite of some sampling limitations, our 
results show enough consistency to hypothesise a significant 
decrease of reef shark abundances in this area of the central 
Coral Sea, that could serve as baseline and promote further 
investigations. 

MATERIAL AND METHODS 

Location of the study site and logistics 

The Chesterfield-Bellona complex is part of the Lord 
Howe Ridge that runs northwest from the South Island of 
New Zealand, separating the Tasman Sea from the Fijian 
Sea. This ridge originated from the movement of the Indo- 
Australian plate (Slater and Goldwin, 1973; Andrefouet et 
al., 2009), which then led to the merging of volcanic struc¬ 
tures, which subsequently collapsed. This subsidence phe¬ 
nomenon allowed the creation of enormous atoll structures, 
with the Chesterfield and Bampton reefs delineating a wide 
open lagoon with a surface area of 3,500 km^, between lati¬ 
tudes 19°00’ and 20°00’ South and longitudes 158° 10’ and 
159°00’ East (Fig. IB). The lagoon is made of diverse pla¬ 
teaux located at different depths that are scattered with coral 
pinnacles, which sometimes extend almost to the surface. 
For these characteristics, sailors gave the Chesterfield and 
Bampton reefs its reputation of the “world’s most inacces¬ 
sible reefs” (Godard, 1982). Indeed, this area has never been 
hydrographically surveyed and remains one of the world 


most dangerous areas for ship navigation with multiple 
wrecks occurring during the 19* century (Guillou, 1983). 

Two field missions were conducted on 11-18 August 
2010, and 18-25 November 2011 (excluding travel from 
and to New Caledonia). They were both based on large 
vessels equipped with appropriate smaller motorized ves¬ 
sels (between 4 to 5 meters long) for allowing scuba diving 
and fishing. The 2010 field trip focused on the Chesterfield 
reefs, between 19°5r and 19°58’ South and 158° 18’ and 
158°28’ East, at a distance of about 500 miles from Nou¬ 
mea (Fig. 1C). This area is built upon a barrier reef with a 
V-shape, oriented northwest/southeast, each leg is about 
25 km long. This barrier is open to the ocean on the northeast 
side, and is interrupted by two passes in the west; the north¬ 
ern one is large (about 5 km wide and more than 50 m deep 
in its centre), “L’ile Longue Pass”, the southern one being 
narrower (less than 1 km wide and about 20 m deep), named 
“L’ilot du Passage Pass” (Fig. 1C). This semi-continuous 
barrier constitutes the only efficient shelter for boats from 
the dominant southeast swell. The second field trip in 2011 
encompassed the Bampton Reefs (with stops in Reynard, 
Bampton and Avon islands) and a final stop in the Chester¬ 
field reefs (Fig. 1B,C). 

Data collection and analysis 

The main objective of the missions was to tag large tiger 
sharks, and the staff spent most of their time on that task. 
However, during both missions, up to two operators dedi¬ 
cated some of their time to fishing for smaller-bodied reef 
sharks, either from the beaches of several islets (water depth 
ranged from 0 to 1.5 m) to target juveniles, or from a boat 
(water depth 10 to 25 m) to capture adults. All fishing ses¬ 
sions were performed in coral reef environments, composed 
of sandy bottoms with reef patches. Every session involved 
baiting with dead fish thrown in the water every five minutes 
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to attract and concentrate the reef sharks. Baits used on the 
lines were discards of tuna [Thunnus albacares (Bonnaterre, 
1788)], wahoo [Acanthocybium solandri (Cuvier, 1832)] and 
diverse fresh reef fishes that were purposely caught during 
the fishing session. Light drumlines with metal traces and 
barbless circle hooks were baited with similar pieces of fish 
and used for restraining the sharks. Additional details, such 
as sampling effort and location of fishing sites, are provid¬ 
ed in table I. In 2010, a single operator accumulated a total 
of 25 hours of fishing with two lines in four different areas 
(from two different islands, and from the boat in the lagoon 
and in the pass/outer reef). In 2011, two operators with one 
fishing line each accumulated a total of 21 hours of fishing 
in 12 different zones around five islets, with the same fishing 
protocol (Tab. I). As the water transparency always allowed 
it, the behaviour (boldness-shyness) of the sharks toward 
the baited hooks was also systematically assessed during all 
fishing sessions. 

As a complementary approach, data were collected 
underwater on the number of reef sharks seen per dive by 
scientific divers during each of two expeditions to the Ches¬ 
terfield archipelago. Scuba diving was given priority, but as 
the capacity for refilling tanks was limited, free diving was 
also used in order to count reef sharks. The planning of div¬ 
ing was organized in order to allow at least one scuba dive 
per site, and once tanks were empty, free diving was utilized. 
As they were opportunistic, free dives were of different dura¬ 
tions but results were standardised (per hour) through the 


sampling effort. In 2010, several scuba dives were conduct¬ 
ed by two operators. The two operators were diving together, 
side by side, without any baiting, and visually assessing the 
sharks (for species, length and sex when possible) to the 
limit of visibility. In addition, two free diving sessions (dura¬ 
tion: 1 hour) were organized. In order to concentrate the 
sharks present in a given area, a freediver was in charge of 
spearing fishes to attract the sharks while the other one was 
counting sharks. Altogether, the accumulated underwater 
effort was 20 hours of visual counting. In 2011, an effort of 
2 hours of scuba diving was implemented in three different 
sites. They were complemented by two hours and 20 min of 
free diving in six different sites, including lagoons, reef pas¬ 
sages and outer slopes (Tab. II). For each dive, sharks were 
numbered and abundances were calculated by dividing the 
total number of sharks by the effort (duration of the dive in 
hours), including a standard deviation (SD) for averages. 

Acquisition of comparative data 

No scientific publications have been produced about reef 
shark species and their abundances at the Chesterfield reefs, 
but anecdotal information exists, mostly through testimo¬ 
nies and magazine articles. Before and after the missions, 
we gathered all available documentation and we interviewed 
several reliable people, both in New Caledonia and Austral¬ 
ia, who had diving experience at the Chesterfield reefs. 

As complementary data, we also used the data provided 
by fishing sessions in other locations in the Pacific, using the 
same techniques and implemented 
by the same operators. We then 
compared the average catch per unit 
of effort (CPUE) of blacktip sharks 
[Carcharhinus melanopterus (Quoy 
& Gaimard, 1824)] during fishing 
sessions in New Caledonia (Grande 
Terre) and French Polynesia, plus 
the size distribution of grey reef 
sharks [C. amblyrhynchos (Bleek- 
er, 1856)] caught in Moorea Island 
(French Polynesia) through a simi¬ 
lar fishing effort (25 hours). The 
grey reef sharks caught were allo¬ 
cated to size classes and a one-way 
Mann-Whitney fZ-test (Sokal and 
Rohlf, 1995) was used to compare 
the median sizes of sharks from the 
two campaigns. The null hypoth¬ 
esis (Ho) states that there is no dif¬ 
ference between the median sizes 
of the two groups of sharks, while 
the alternative hypothesis (Hi) 
says that the median size of Poly¬ 
nesian sharks is greater than that 


Table I. - Date, location (including GPS coordinates) and effort of the fishing sessions during 
the 2010 (AF) and 2011 (BF) field trips, respectively. A distinction is made between fishing 
from the beach of an islet or from the boat. 


Sessions 

Date 

Island 

Effort (h) 

From 

Long. 

Lat. 

#AF1 

11/08/10 

Long 

4 

Beach (lagoon side) 

19°52’00 

158°18’41 

#AF2 

12/08/10 

4 

Boat 

19°5r42 

158°19T9 

#AF3 

13/08/10 

4 

Beach (West) 

19°52’20 

158°18’31 

#AF4 

14/08/10 

3 

Passage 

19°51T9 

158°18’05 

#AF5 

15/08/10 

Loop 

4 

Beach (lagoon side) 

19°58’09 

158°28’37 

#AF6 

17/08/10 

Anchorage 

3 

Beach (ocean side) 

19°53T6 

158°28’23 

#AF7 

18/08/10 

3 

Beach (ocean side) 

19°54’11 

158°23’05 

#BF1 

18/11/11 

Reynardt 

1.5 

Beach 

19°12’46 

158°55’52 

#BF2 

19/11/11 

1.5 

19°12’47 

158°55’53 

#BF3 

Bampton 

1 

Boat 

19°07T7 

158°35’26 

#BF4 

2 

Beach 

19°07’33 

158°36’06 

#BF5 

20/11/11 

2 

Beach 

19°12’33 

158°36’26 

#BF6 

2.5 

Boat 

19°07’57 

158°35’58 

#BF7 

21/11/11 

Avon North 

6 

19°30’38 

158°14’45 

#BF8 

1 

Beach 

19°30’44 

158°15’00 

#BF9 

22/11/11 

1 

Boat 

19°30’59 

158°14’57 

#BF10 

23/11/11 

Anchorage 

1.6 

Beach 

19°53’03 

158°28T6 

#BF11 

24/11/11 

0.5 

19°53’36 

158°28’30 

#BF12 

Passage 

0.5 

Boat 

19°54’35 

158°22’27 
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Table II. - Date, location (including GPS coordinates) and effort of the diving sessions during the 2010 (AF) and 2011 (BF) field trips, 
respectively. A distinction is made between scuba and free diving, with a mention of the average and maximum depth during each dive, and 
with or without the use of attractive stimulus (mainly speared live fishes). The average depth does characterize the place where observa¬ 
tions were made, not the diving performance. 


Sessions ID 

Date 

Island 

Effort (h) 

Location 

Type of diving 

Ave.-max depth (m) 

Long. 

Lat. 

#AD1 

11/08/10 

Long 

4 

Passage 

Scuba 

15-20 

19°51’01 

158°18’03 

#AD2 

12/08/10 

2 

Lagoon 

Scuba 

10-15 

19°5r44 

158°18’54 

#AD3 

13/08/10 

1 

Lagoon 

Free 

10-15 

19°52’28 

158°19’45 

#AD4 

14/08/10 

2 

Outer slope 

Scuba 

25-60 

19°52’28 

158°17’48 

#AD5 

15/08/10 

Passage 

2 

Passage 

Scuba 

20-22 

19°54’31 

158°22’22 

#AD6 

16/08/10 

1 

Outer slope 

Free 

10-15 

19°55’05 

158°22’27 

#AD7 

None 

4 

Scuba 

20-22 

19°56’06 

158°24’25 

#AD8 

17/08/10 

Loop 

3 

Lagoon 

Scuba 

15-18 

19°57’13 

158°28’01 

#AD9 

18/08/10 

Anchorage 

1 

Lagoon 

Scuba 

10-15 

19°5r54 

158°26’50 

#BD1 

18/11/11 

Reynardt 

1 

Passage 

Free 

15-20 

19°13’20 

158°56’23 

#BD2 

19/11/11 

Bampton 

0.8 

Outer slope 

Scuba 

25-36 

19°13’21 

158°56’24 

#BD3 

20/11/11 

1.5 

Lagoon 

Free 

02-10 

19°07’09 

158°32’59 

#BD4 

0.66 

Outer slope 

Scuba 

15-23 

19°06’34 

158°33’25 

#BD5 

21/11/11 

Avon North 

0.25 

Outer slope 

Free 

0-20 

19°30’36 

158°14’54 

#BD6 

1 

Lagoon 

Free 

0-8 

19°30’48 

158°15’04 

#BD7 

23/11/11 

Anchorage 

0.3 

Lagoon 

Free 

0-10 

19°53’25 

158°27’46 

#BD8 

24/11/11 

0.25 

Passage 

Free 

0-15 

19°48’15 

158°25’31 

#BD9 

25/11/11 

Long 

0.66 

Lagoon 

Scuba 

3-8 

19°52’00 

158°18’58 


for Chesterfield Islands. The choice of a one- 
tailed alternative hypothesis is based on our 
assumption of intensive shark fishing in the 


Table III. - Shark catches per fishing sessions, with a mention of the gender and 
species of shark and an assessment of the average total length per species, with the 
standard deviation (SD). 


Chesterfield, which is likely to have deceased 

Sessions 

Number of 

Number of 

Number of 

Number of 

the median shark size, whereas shark fishing 

blacktip 

grey reefer 

silvertip 

whitetip 

in Moorea has never been intensive. 

#AF1 

IF 

2F-H1M 

0 

0 


#AF2 

0 

6F 

0 

0 


#AF3 

0 

0 

0 

0 

RESULTS 

#AF4 

0 

0 

IF 

2F 


#AF5 

2M-H IF 

IF 

0 

0 

Assessment of shark abundances through 

#AF6 

0 

0 

0 

0 

fishing 

#AF7 

0 

0 

0 

0 

During the 2010 field survey, a total of 19 

Av. size (cm) 

105 

109 

90 

105 

reef sharks were caught. This total was com¬ 

SD (cm) 

30 

14 

0 

5 

posed of 12 grey reef sharks with an average 

#BF1 

2F-H IM 

IF 

0 

0 

TL of 109 ± 14 cm, four blacktip reef sharks 

#BF2 

0 

0 

0 

0 

(C. melanopterus) with an average TL of 105 

#BF3 

0 

9F 

0 

0 

± 30 cm, two whitetip reef sharks [Triaeno- 

#BF4 

IM 

2F 

0 

IF 

don obesus (Riippell, 1837)] with an average 

#BF5 

0 

0 

0 

0 

TL of 105 ± 5 cm and one 90 cm TL silver- 

#BF6 

0 

5F 

0 

0 

tip shark [C. albimarginatus (Riippell, 1837)] 

#BF7 

0 

5F 

0 

0 

(Tab. III). 

#BF8 

IF 

0 

0 

IM 

During the 2011 field trip, a total of 39 reef 

#BF9 

0 

0 

0 

0 

sharks were captured. This total was com¬ 

#BF10 

6F-H IM 

0 

0 

0 

posed of 22 grey reef sharks with an average 

#BF11 

2F-H IM 

0 

0 

0 

TL of 100 ± 33 cm, 15 blacktip sharks with an 

#BF12 

0 

2F 

0 

0 

average TL of 121 ± 20 cm, two whitetip reef 

Av. size (cm) 

100 

121 

0 

120 

sharks with an average TL of 120 ± 20 cm 

SD (cm) 

33 

20 

0 

20 
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Table IV. - Catch Per Unit of Effort (CPUE) of blacktip shark Carcharhinus melanopterus in different locations of New Caledonia and 
French Polynesia, respectively. Fishing efforts (in hours) varied but the fishing technique was similar (handline with wired trace holding a 
baited barbless hook). The CPUE are presented by decreasing order in column 5. 


Country 

Location 

Number of 
sharks 

Fishing 
effort (h) 

CPUE 

(shark/h) 

Source 


Acteon archipelago 

234 

52 

4.50 

Clua(2009) 

French Polynesia 

Rangiroa atoll 

37 

14 

2.60 

Vignaud (2008), unpubl. data 


Fakahina atoll 

42 

37 

1.10 

Mourier et al. (2009) 

New Caledonia 

Mato islet 

12 

15 

0.80 

Vignaud and Clua (2010), unpubl. data 

Chesterfield reefs 

4 

25 

0.16 

Present study 


(Tab. III). The site close to North Avon Island was signifi¬ 
cantly different from all other sites in terms of shark densi¬ 
ties, having quick catches and intense feeding frenzies (NB: 
one grey reef shark was cannibalized by conspecifics on a 
fishing line that was not retrieved soon enough; EC, Pers. 
Obs.). 

Most of the blacktip sharks were juveniles with a TL 
around 60 cm, and they were found in shallow waters around 
the beachrocks, in particular in a nursery at the south end of 
the northern-most Mouillage islets (Fig. 1C). 

Comparison of CPUE and size 

The CPUE of blacktip shark during the 2010 field trip 
was 0.16 shark/h. This CPUE is far below those registered 
on the Grande Terre of New Caledonia (0.8 shark/h) or even 
the lowest registered in French Polynesia in Fakahina atoll 
(1.1 shark/h) where CPUE came up to 4.5 shark/h in the 
remote Acteons archipelago (Tab. IV). 

Regarding the size of grey reef sharks caught with similar 
techniques and effort, an obvious difference exists between 
the results obtained in Moorea (French Polynesia) with a 
mean size around 160 cm TL (n = 9) compared to 110 cm TL 
in the Chesterfield Islands (n = 12). Based on the number of 
shark among the 10 size classes, this difference in favour of 
Moorea was assessed as highly significant (P < 0.001) by the 
Mann-Whitney one-tailed test (W = 103.5, p-value = 0.0002) 
(Fig. 2). 

Behaviour of the sharks toward baited hooks 

Avoidance behaviour was obvious with all sharks, but 
particularly for the grey reef sharks. Observation record¬ 
ed the sharks circling around the baited hook, eating the 
pieces of fish that were used to chum around the hook, but 
very rarely taking it. When a shark came close to the hook, 
attracted by the bait, it would often abruptly turn away at the 
last moment. However, such a shyness was not observed on 
the outer slope of Avon North Islet during the first fishing 
session on the 19 November 2011 (see BF3 session in Tabs 
I, III). 


Table V. - Shark observations per diving sessions during the 2011 
field trip, with a mention of the species and the average total length 
per species (assessed through visual census). Significant numbers 
of sharks with sizes above 120 cm TL were only found at BD5 
(North Avon Islet) for which densities and sizes were far above the 
rest of the Bampton and Chesterfield reefs. 


Sessions 

Species 

Number 

Length (cm) 

#BD1 

Whitetip 

1 

100 

#BD2 

Grey 

2 

no 

#BD3 

0 

0 

0 

#BD4 

Grey 

2 

90 

1 

100 

1 

no 

#BD5 

>20 

100-140 

#BD6 

2 

no 

#BD7 

1 

no 

#BD8 

Whitetip 

1 

120 

#BD9 

0 

0 

0 


Underwater Visual Surveys (UVC) 

During the 2010 field survey, UVC of reef sharks accu¬ 
mulated a total of 49 individuals composed of 38 grey reef 
sharks with an average estimated TL of 110 ± 22 cm (maxi¬ 
mum observed size of 160 cm TL), five blacktip reef sharks 
with an average TL of 130 ± 20 cm (maximum observed size 
of 150 cm TL), two whitetip reef sharks with an average TL 
of 105 ± 5 cm (maximum observed size of 160 cm TL) and 
five silvertip shark with a maximum observed size of 120 cm 
TL. The average shark abundance was of 2.0 sharks per 
dive. 

Regarding the shark average abundance assessed during 
the 2011 field survey, figures should not be generalised as 
one area hosted significantly higher densities than the oth¬ 
ers. This specific area was on the outer slope of Avon North 
Islet where, in accordance with high CPUE in this same 
spot (see BF3 session in Tabs I, III), a single school of more 
than 20 grey reef sharks was observed in 15 min, with indi¬ 
viduals ranging from 100 to 140 cm TL. The eight other 
spots allowed the observation of 12 individuals composed 
of 10 grey reef sharks with an average TL of 110 ± 22 cm 
(maximum observed size of 160 cm TL), and two whitetip 
reef sharks with an average TL of 105 ± 5 cm (maximum 
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Figure 2. - Number of grey reef shark 
(C. amblyrhynchos) per size classes 
caught in Moorea Island (French Poly¬ 
nesia) and Chesterfield Islands reefs 
(New Caledonia), respectively, with 
similar techniques and fishing effort 
(25 h X 1 operator). The size difference 
was assessed as highly significantly 
(P < 0.001), and greater in Moorea 
than in the Chesterfield, by a one-tailed 
Mann-Whitney t/-test. 



Size (cm) 


Figure 3. - Comparison of average sizes 
of grey reef shark (C. amblyrhynchos) 
assessed through underwater visual 
censuses during the 2010 (blue) and 
2011 (orange) field trips. In order to 
facilitate the comparison, shark num¬ 
bers were linked to effort (h). Sizes 
above 120 cm TL are essentially rep¬ 
resented by the assessment in BF3 spot 
(North Avon Islet) for which densities 
and sizes were far above the rest of the 
Bampton and Chesterfield reefs. 



60-80 81-100 101-120 121-140 141-160 

cm 


observed size of 160 cm TL) (Tab. V). Excluding the Avon 
North assessment, the average shark abundance was of 2.2 
sharks per dive. 

Gathering the UVC results from both 2010 and 2011 
field trips shows that the average TL of the majority of grey 
reef sharks ranged from 100 to 120 cm (Fig. 3). Some larger 
animals were rarely observed, most of them being in the area 
of North Avon (see BD5 session in Tabs II, V). 

Comparative data from the Chesterfield reefs and 
similar environments 

A skin diving mission was organized in 1971 to the 
Chesterfield reefs by an Australian team composed of sever¬ 
al skilled divers, including the well-known Ron and Valerie 
Taylor (Harding, 1971). According to the magazine article, 
sharks were found in ‘very high densities, and not used to 
seeing human beings’. Here are some quotations from the 
article: “Nobody suspected that shark activity would be as 
intense as it was..“The Chesterfield sharks were aggres¬ 
sive, not simply curious...”, “The sharks were inquisitive 
and swam very close to us”, “These sharks appeared to be 
starved, they attacked the propellers on our small boats and 
swam excitedly around, breaking the surface with their dor¬ 
sal fins”, “... It was just a matter of throwing a baited hook 
into the water, within half a minute it would hook a 15 pound 
Red Bass. Before that fish could be brought out of the water 
a shark would have it.”, “The sharks were so hungry that 


once they grabbed hold of that bait they would not release 
their vice-like grip until they had been dragged completely 
clear of the water. One shark even swam out of the water and 
on to the exposed reef while following the bait being drawn 
a few inches ahead...”. An interview of V. Taylor by EC in 
June 2010 in Cairns, during the Sharks International Con¬ 
ference, confirmed impressive concentrations of reef sharks 
in the Chesterfield, in accordance with the magazine article 
by Harding et al. (1911). Several other oral testimonies con¬ 
firmed a very high density of reef sharks between the 1970’s 
and 1980’s. Pierre Laboute is a former scientific diver for 
IRD (formerly ORSTOM) that undertook several missions in 
the area (Rancurel et al., 1973; Richer de Forges et al., 1986, 
1988). Following a mission that took place between the 21 
and 28 June 1973, he wrote the following comment in the 
mission report about his diving experience: ''Carcharhinus 
menissorah (NB: former scientific name for C. amblyrhyn¬ 
chos).. . and C. albimarginatus... swim together and form... 
on the outer slope an impassable ‘barrier’, and if you try to 
cross it, their number increases substantially and very quick¬ 
ly” (see p. 10 m Rancurel et al., 1913). During an interview 
about the shark density around Chesterfield reefs, he orally 
added this specific comment: “During one of these mis¬ 
sions that took place around April, I remember that we were 
witnessing the hatching of small green turtles (Chelonia 
my das), when we have been surrounded by several hundreds 
of grey reef sharks (Carcharhinus amblyrhynchos), close to 
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the lie Longue, in a depth of around 30 meters. They were 
very excited. We actually had to jump back on the boat, and 
some sharks twice bit the propeller of the boat as it was run¬ 
ning; it was unbelievable...” Testimonies about more recent 
experiences (2008) do not describe such concentrations but 
still mention a very high concentration and presence of reef 
shark during each dive (G. Lasne, Pers. Comm.). 

DISCUSSION 

The data collected through the two 2010 and 2011 mis¬ 
sions in Chesterfield reefs appear consistent and suggests the 
hypothesis of a possible collapse of reef shark populations in 
this area. However, the scope of our study must be expanded 
and suggestions for improving our knowledge of the situa¬ 
tion regarding reef sharks in these remote reefs deserve to be 
promoted. 

Potential caveats in our sampling methodology 

As previously mentioned, the methodology used during 
both missions through fishing and underwater visual assess¬ 
ment both in scuba and free diving, was implemented on an 
opportunistic and time- limited basis. However, the meth¬ 
ods we used are well defined and have been implemented in 
other places in the Pacific on the same shark species, allow¬ 
ing reliable comparisons of CPUE (see Figs 2,3). The diving 
methodology mixed scuba and free diving, two quite differ¬ 
ent sampling methods, but in our experience we believe that 
in such remote coral reef ecosystems, both methods usually 
allow proper assessment of the resident sharks. Most of the 
time, bubbles produced by scuba diving attract rather than 
repel the reef sharks (E. Clua, Pers. Obs.) and are even used 
by professionals for better approaching them underwater 
(Heyman et al., 2001). Scuba diving is a widely used tech¬ 
nique for underwater visual assessment of sharks (Ward- 
Page a/., 2010). As free diving does not include the bub¬ 
ble stimulus, by spearing fishes we have been using another 
acoustic stimulus, based on the low frequency sound waves 
produced by wounded fishes, that is a strong booster for 
attracting surrounding sharks (Myrberg, 1978). 

Notwithstanding any potential bias, consistent use of the 
same techniques across multiple sites allows a legitimate 
comparison of relative abundance (Craik, 1981). Therefore, 
in spite of a low sampling effort and given the proven reli¬ 
ability of the sampling methods, we propose a hypothesis 
about the status of reef shark populations in the considered 
area. 

Low abundances for Chesterfield reef sharks and 
avoidance behaviour 

Reef shark CPUE depends on shark density, but also on 
their behaviour in presence of fishing gear. As mentioned 


in the ‘Results’ section, avoidance behaviour was obvious 
with all sharks, particularly for grey reef sharks. It is known 
that sharks can detect metal, but are not afraid of it until 
they experience being caught, or see other individuals being 
caught (Spaet et al., 2010). This behaviour suggests that 
the grey reef sharks of the Chesterfield have experienced 
fishing with heavy gear (i.e. metal traces and large hooks) 
in the recent past. This avoidance behaviour is not unique 
to the Chesterfield, and does not compromise comparisons 
among regions using the same fishing gear. In addition to 
strong avoidance behaviour, the low CPUE (see Fig. 2) 
can be explained by a low density of sharks. We sometimes 
spent more than one hour chumming before the first shark 
showed up. Regarding the CPUE registered for blacktip 
shark (Tab. IV), they are definitely far below any other data 
collected elsewhere in the Pacific with similar fishing tech¬ 
niques. 

Underwater, no more than six sharks were seen together 
at the same time during the 2010 field trip. Through both 
missions our findings of average abundances of 2.0 and 
2.2 sharks per dive are consistent with those of Graham et 
al. (2010) in remote atolls of the Indian Ocean where the 
number of sharks observed per scientific dive declined over 
90% from a mean of 4.2 in the 1970s to 0.4 in 2006. It is 
however relevant to mention the contrasting situation found 
around Avon North Islet, where a very high density of grey 
reef sharks was encountered, leading to intra-specific depre¬ 
dation among this species, as already described in such situ¬ 
ations (Clua etal., 2014). 

Small average size for Chesterfield reef sharks 

Besides being low in abundance. Chesterfield sharks 
globally had small average sizes, which is a well-known 
effect of overfishing (Bradshaw et al., 2008). The average 
and maximum sizes of the grey reef shark recorded in the 
Chesterfield were always under 160 cm TL. This species can 
reach a maximum size of 220 cm TL (Compagno, 2001). In a 
remote place such as Chesterfield, as far as it is quite pristine, 
we could expect to catch or observe some large animals (usu¬ 
ally females) (Friedlander and De Martini, 2002); but none 
were observed. It does not mean that none are present in the 
area, but they must be in low densities. While the catching 
of small size sharks could be an artefact of fishing sampling 
methods, it is improbable to only observe small sized reef 
sharks underwater if larger ones are supposed to be sharing 
the same habitat, as it was shown for the reef shark species 
that we were targeting during both missions (Speed et al., 
2011 ). 

Potential overfishing of Chesterfield reef shark 
populations 

The combination of low abundances and average sizes 
of animals allows us to hypothesise that Chesterfield reef 
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sharks have been fished in the recent past. It seems that most 
of the large adults were fished a few years before 2010 and 
2011 and that we only observed the juvenile sharks, which 
escaped from the fishing. While boats from New Caledonia 
do not target sharks, our hypothesis is strongly supported by 
the proven occurrence of illegal shark fishing in the area by 
foreign vessels. The most convincing example is a Taiwan¬ 
ese boat that was arrested in May 2007 by the French navy 
in the Bellona area, a few tens of miles from The Chester¬ 
field with a load onboard of seven tons of sharks and 25 tons 
of bait dedicated to longline fishing (Anonymous, 2007). 

The same comments about probable overfishing of adult 
animals can be made about the whitetip shark C. albimargin- 
atus, as all sighted individuals were young animals, even in 
the pass of ile Longue, which has a strong oceanic influence 
that is favourable for attracting large sharks from this spe¬ 
cies. The fact that one place (BF3 - North Avon Islet) hosted 
much higher densities and large sharks compared to all other 
spots through both field trips, can be seen as indirect proof 
for such an hypothesis. Given the similarity of environmen¬ 
tal parameters between Avon Islets and the rest of B amp ton 
reefs, the difference could be explained by the fact that no 
fishing was implemented in this specific area, for whatever 
reason. We saw however very young grey reef sharks, prob¬ 
ably born in 2010, which means there are probably still some 
adults mating in the area (cf. Tab. V). 

These present abundances and size distributions are com¬ 
parable to heavily fished areas in the Pacific or the Carib¬ 
bean (Sandin et al., 2008; Ward-Paige et al., 2010), and the 
sharks’ behaviour suggests that they have been experiencing 
very heavy longline fishing. Therefore, the risk of witnessing 
a local extinction, such as described in a remote archipelago 
from the Atlantic Ocean (Luiz and Edwards, 2011) should be 
considered. 

The need for additional data collection 

As a group, sharks are susceptible to even mild levels 
of fishing mortality given their late age of maturity, slow 
growth, and slow reproductive rate (Myers and Worm, 
2005). A recent study conducted on the Australian side of the 
Coral Sea showed that high residency and limited spatial use 
of semi-isolated reef might contribute to a higher vulnerabil¬ 
ity of reef sharks to targeted fishing pressure (Barnett et al., 
2012). This vulnerability might be worsened in the case of 
the Chesterfield reefs, as the connectivity with other popula¬ 
tions of conspecifics might be even lower due to the isolation 
of the place (Espinoza et al., 2015). If so, new migrants (in 
a position to input genetic diversity in the local population) 
are probably very rare, and a depleted population would take 
a long time to recover. In the longer term, the loss of genetic 
diversity may alter the resilience of their local populations 
and indirectly the resilience of adjacent populations of con- 
specifics that will not be able to benefit from any genetic 


connectivity and genes exchanges through the migration of 
some individuals, as has been shown for the grey reef shark 
on the Great Barrier Reef (Heupel et al., 2010). The histori¬ 
cal spatial and genetic connectivity at a sub-regional level 
might be then jeopardized by such a depletion of reef shark 
populations in potential bridging reefs of the Coral Sea. 

Since April 2013, the Chesterfield archipelago has been 
included in waters where shark fishing is now banned by the 
New Caledonian government. The health of the Chesterfield 
reefs will strongly depend on the efficiency of enforcing 
these conservation measures for both pelagic and reef sharks, 
probably by better controlling the presence and activity of 
boats in this area. In the meanwhile, it is recommended to 
organise complementary DNA sampling campaigns in the 
area to enable genetic analysis aiming to determine the con¬ 
nectivity and resilience of the local reef shark populations. 
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